The effect of target location, speed, and handedness on the average total mechanical energy and movement efficiency is studied in 15 healthy subjects (7 males and 8 females with age 22.9 ± 1.79 years old) performing full body reaching movements. The average total mechanical energy is measured as the time average of integration of joint power, potential energy, and kinetic energy respectively. Movement efficiency is calculated as the ratio of total kinetic energy to the total joint power and potential energy. Results show that speed and target location have significant effects on total mechanical energy and movement efficiency, but reaching hand only effects kinetic energy. From our findings we conclude that (1) efficiency in whole body reaching is dependent on whether the height of the body center of mass is raised or lowered during the task; (2) efficiency is increased as movement speed is increased, in part because of greater changes in potential energy; and (3) the CNS does not appear to use movement efficiency as a primary planning variable in full body reaching. It may be dependent on a combination of other factors or constraints.
Planning and executing multijoint reaching tasks is a nontrivial problem for the central nervous system (CNS). Specifically, when there are redundant degrees of freedom (df) available to complete the task, the CNS must determine a movement pattern from an infinite solution set. Understanding how the CNS determines movement patterns has been a fundamental question for many motor control scientists, who have used various motor tasks to address this question (Flash & Hogan, 1985; Thomas et al., 2005; Todorov & Jordan, 2002; Uno et al., 1989) . Some have suggested that movement planning occurs in a kinematic parameter space (Flash, 1990) , while others argue that movement planning occurs in a kinetic parameter space (Uno et al., 1989) . However, in full body reaching tasks, the evidence suggests that moving planning occurs in both kinematic and kinetic parameter spaces (Thomas et al., 2005) . Another possibility is that the CNS considers energetic costs when apportioning motion to the various joints used to perform multijoint tasks (Alexander, 1997) . Although it has been reported that, in 2-df arm movements, final arm postures could be well predicted based on minimization of kinetic energy costs (Nishikawa et al., 1999) , this finding did not hold in whole body reaching (Thomas et al., 2003) . In another study, Rosenbaum's knowledge model uses a travel cost to predict movement patterns (Rosenbaum et al., 1993) .
This travel cost suggests that segments with largest inertia are moved the least, thereby reducing or conserving energy costs of movement. However, a limitation of these investigations is that only the peak kinetic energy (KE) costs associated with movement were examined.
To fully understand the role of energetics in movement planning, one must include the potential energy change (PE) costs as well as the energy costs of muscular effort (ME). The interplay between KE, PE, and ME will determine the efficiency of the movement. A movement is more efficient if it is produced with less muscular effort. While movement efficiency has been widely used to evaluate athletic performance in activities such as walking (Cavagna & Kaneko, 1977; Iwashita et al., 2003) , running (Cavagna & Kaneko, 1977) , and cycling (Lafortune & Cavanagh, 1983) , walking efficiency has also been assessed in children ages 3-12 to better understand developmental changes in gait (Schepens et al., 2004) . Finally, efficiency measures have been used to assess the effectiveness of rehabilitation procedures in patients with a pain syndrome associated with instability of the cervical segment of the spine (Jasiak-Tyrkalska & Franczuk, 1999) . However, we are not aware of any studies that examine movement efficiency in whole body functional reaching tasks. Tasks such as reaching for a door knob or bending to get the morning paper are so ubiquitous that we rarely contemplate the complexity of coordinating the displacement of the torso so that the end effector reaches the intended target. It may be that motor planning for these ubiquitous tasks is based, in part, on a measure of movement efficiency.
In this article, we focus on movement efficiency in whole body reaching tasks. We seek to characterize the effects of target location, handedness, and movement speed on the energetics and movement efficiency associated with these movements. We have defined movement efficiency as the ratio of the total kinetic energy (integral of kinetic energy over the movement duration) to the total muscular effort (a measure of joint power) and potential energy (integral of muscle work and change of potential energy over the movement duration).
Methods

Subjects
Fifteen healthy subjects (7 males and 8 females)-age, 22.9 (SD = 1.79); height, 169.1 cm (SD = 7.8); and weight, 68.6 kg (10.7)-participated in this study. All participants were informed of the experimental protocol and signed the consent form approved by the Ethics Committee of the Ohio University.
Target Locations
The target locations were determined for each subject based on their trunk and pelvic length, arm length (humerus + forearm), and hip height. Specifically, the subject could, in theory, reach the high target by flexing the hips 15° with the shoulder flexed 90° and the elbow fully extended. The middle and low targets could be reached by flexing the hips 30° and 60° respectively (Figure 1) . The "go" signal was a green light-emitting diode (LED) embedded in the target (7-× 5-cm metal plate), and the return signal was an orange LED embedded in the target. Subjects were instructed to wait for the "go" signal, touch the target with the index finger, and wait until the return signal (initiated 1000 ms after contact) to return to an upright posture.
Reaching Tasks
Before the start of a reaching task, participants stood in an upright posture with their right hand on a flexible, carbon electrode strapped to their anterior proximal thigh, which was connected to a contact-detector circuit. When participants received the "go" signal, and began the reaching task, contact with the thigh electrode was broken and a timer started. When the participant made contact with the target the timer stopped. Movement times determined by the timer were used to train the participants for the fast-paced movement trials.
Subjects were first asked to perform three reaches with their right hand to the high target at a "comfortable pace." They then performed three reaches for the high target with their left. This sequence was repeated for the middle and low target locations. After six movement trials to each target height at a comfortable pace (three right hand, three left hand), participants then performed six movement trials to each target location 25% faster than their comfortable pace. Before recording the fastpaced reaching trials, participants were given practice trials in which the movement time was determined from Figure 1 -A diagrammatic representation of how target locations are determined from each subject's anthropomorphic characteristics in our standardized reaching paradigm. The target locations are determined based on participant's hip height, trunk length, and arm length. The high target is located such that the subject could, in theory (but not in practice), reach the high target by flexing the hips 15° with shoulder flexed to 90° and the elbow extended. The middle and low targets could be reached by flexing the hips 30° and 60° respectively. the contact detector circuit. Participants were given the instruction to "go faster" until they were able to reach the target approximately 25% more rapidly than their comfortably paced trials. Subsequent analyses confirmed that participants moved more quickly during the fastpaced trials.
Data Collection
Movements of the trunk and limb segments were recorded using a magnetic-based kinematic system (MotionMonitor, Innovative Sports Training, Inc., Chicago) that can track the three-dimensional coordinates of sensors with a spatial resolution of 1.8 mm in position and 0.5° in orientation (Ascension, Flock of Birds, Ascension Technology Corporation, Burlington, VT, USA). Sensors were attached by Velcro straps to the limb segments (at the midpoint between the joints) of the right and left shank, thigh, arm, and forearm, as well as a thoracic vertebra (T1), a lumbar vertebra (L1), and the sacrum. Kinematic data were collected at 120 Hz for a total of 5 s, and data collection began 500 ms before the "go" signal. Ground reaction force (GRF) and moments relative to the centers of right and left ankles were recorded using two Bertec force platforms (Bertec Corporation, Columbus, OH, USA), which were synchronized with the kinematic data streams.
Inverse Dynamics
To obtain joint torques, a 3-D multilink segment whole body model was developed using Matlab/Simulink and SimMechincs Toolbox (Math Works, Natick, MA, USA). This model includes 16 segments (i.e., head, thorax, lumbar, pelvis, right and left hands, forearms, upper arms, thighs, shanks, and feet) and 15 joints (i.e., wrist, elbow, shoulder, cervical, thoracic, lumbar, hip, knee, and ankle). To simplify the model, each joint had only three rotational degrees of freedom (i.e., flexion/extension, internal/external rotation, and abduction/adduction) within the sagittal, frontal, and transverse planes. The degrees of freedom of the model totaled 45 (15 × 3). The inputs for the inverse dynamic model were the (1) time series joint angle data exported from Motion Monitor system, (2) joint angular velocity and acceleration derived from joint angle data using a 61-point fourth-order Savitzky-Golay filter (Press et al., 1992) , (3) external GRF and moments, and (4) each participant's mass-inertial characteristics derived from anthropometric regression equations (Plagenhoef et al., 1983; Zatsiorsky, 2002) . The outputs from the model were (1) 3-D joint torque and joint power, (2) kinetic and potential energy for each segment, and (3) center of mass (COM) position for each segment (Figure 2) . Energy values for the whole body were then calculated from these data.
In detail, the kinematic inputs to the model are the three positions of center of mass and three orientations of pelvis in sagittal, frontal, and transverse planes and three Euler angles, that is, flexion/extension, ad-/abduction, and rotation along the long axis of the segment for each joint between two adjacent segments starting from pelvis to distal segments, such as thigh relative to pelvis, shank relative to thigh, foot relative to shank, and so on. The inverse dynamics were calculated by using Matlab Simulink/SimMechincs Toolbox, which produces highprecision optimal results for all joints and all segments at each time point through the entire movement task. The linear assembly tolerance and the angular assembly tolerance for the Simulink inverse dynamics model are 1 mm and 0.001 rad. This is different from the classic top-down model or the bottom-up model. Top-down models can reconstruct a more accurate fingertip position but then have a larger error for the lower extremities. Conversely, bottom-up models produce better results for the lower extremities but have a larger error further up the kinematic chain. Therefore to enhance accuracy, our inverse dynamics model actually was a hybrid model that calculated the joint torques from the fingertip to the sacrum (i.e., top down), and then calculated the joint torques from the ankle to the sacrum (i.e., bottom up).
We used the Savitzky-Golay filter to smooth both kinematic and kinetic data as well as to differentiate the kinematic data to obtain the velocity and acceleration time series necessary to perform the inverse dynamics calculations. At each sample time, fourth-order polynomials were fit in the least square sense to the data at that point and 30 neighboring samples on either side. The coefficients of zero-order polynomials were used to smooth the kinematic data and the first and second order polynomials were used to determine velocity and acceleration respectively. The 61-point fourth-order Savitzky-Golay filter reduces noise while still preserving signal peaks and has a cutoff frequency that approaches 6 Hz. 
Mechanical Energy
As illustrated in Figure 3A , muscular effort was considered the input to perform the reaching task and the outputs were the ensuing movement, the change in potential energy, and energy lost (e.g., muscle dissipation heat by overcoming antagonistic co-contraction, viscosity, and friction). According to the law of energy conservation, the relationship between various types of energy can be represented by the following equation:
where
is the total energy cost associated with the full body reaching movement
is the total net joint power of three rotations (i = 1, 2, 3) for the j th joint, with j = 1, 2, . . . , 15, and T ij and ω ij are net joint torques and joint angular velocities with respect to the joint coordinate system
is the change in kinetic energy of the whole body calculated by summation of kinetic energy for all segments using the equation
where subscript i is the index of segments from 1 to 16; m i and I i are mass and inertia of i th segment; and v i and ω i are the linear and angular velocity vectors about COM of i th segment in global coordinate system
In full body reaching tasks, kinetic energy at the initial and final movement is zero; that is, (0) 0
Therefore, the change in kinetic energy and kinetic energy itself were equal; that is,
The equation
0 is the change of potential energy calculated from the change of COM of the whole body in the vertical direction, where m is the whole body mass, g is the acceleration of gravity, h COM is the location of body COM in vertical direction, and
consists of lost energy due to muscle dissipation and computing errors.
The movement time is simply the time difference between movement offset and movement onset. Movement onset was defined as the point where fingertip velocity is greater than 2.5% peak velocity and movement offset is the point where fingertip velocity drops below 2.5% peak velocity. The movement onset and offset were determined using custom algorithms written in Matlab (Math Works).
Movement Efficiency
To determine movement efficiency, the relationships between the different forms of energy were examined. In general, efficiency was defined as the ratio of mechanical work done to the total energy input (heat plus work). In movement tasks, efficiency is defined as the percentage of energy expended by the body that is converted to mechanical work. By rearranging Equation 1 above, we can obtain the energy lost during the movement task by the following: Thus, instantaneous efficiency of the reaching movement as a function of time is
Alternatively, muscular effort and potential energy can be considered as the inputs to the system, and movement and muscle dissipation as the outputs ( Figure 3B ). In this case, instantaneous efficiency can be obtained by
However, because of various measurement errors and errors inherent in inverse dynamics computations, the denominator in the formula above may approach zero, and thus drastically inflate efficiency beyond reasonable values. This is particularly so at the very beginning of the movement. To avoid this problem, the following method is used to calculate the average movement efficiency:
where t f is the movement time.
Data Analysis
For every trial, the time series of KE, PE, and total ME from movement onset until target contact were normalized to 101 points. For each of these time series, the average value was determined by taking the integral and dividing by 101. Thus, the dependent measures were the average PE, KE, and ME. The ratio of KE to the difference between the total ME and the change in PE was used to measure the movement efficiency as shown above. Separate four-way repeated-measures ANOVAs were used determine the effects of task variables such as movement speed (comfortable, fast), target location (high, middle, low), reaching hand (left, right), and movement trial (three) on average ME, PE, KE, efficiency, and movement. Significant interactions were examined for simple effects at each level. Post hoc multiple comparisons were performed by using Tukey's honestly significant difference criterion to test the differences between target heights.
Results
Movement Time
There was no effect of reaching hand on movement time for any target height. However, there were significant effects of target height (F = 15.6, p < .001) and movement speed (F = 203.2, p < .001). Movement times for all conditions are Table 1 . Figure 4 illustrates the mean time series for muscular effort, kinematic energy, and potential energy for righthanded reaches to each target height and each movement speed. An examination of these time series reveals that kinetic energy has a typical bell-shaped profile, with zero values at the initiation and end of movements and muscular effort, and potential energy have a sigmoid profile with initial values of zero. Whereas muscular effort is always positive at target contact, potential energy is positive for reaches to the high target, but negative for the low-middle and low targets. This reflects changes in the direction of the movement of the whole body COM for these different movement conditions. The results of the repeated-measures ANOVAs on mechanical energy and efficiency measures are summarized in Table 2 .
Energy Time Series
Muscular Effort
There was a significant interaction of movement speed by target height on the average muscular effort (F = 10.0, p < .02), as well as main effects of movement speed (F = 60.7, p < .00) and target height (F = 47.1, p < .00). As illustrated in Figure 5A , for each target height, average muscular effort increased as movement speed increased (all ps < .05). Further, average muscular effort increased significantly as target height was lowered (all ps < .05). However, there was no effect of reaching hand on the average muscular effort.
Potential Energy
There was a significant interaction of movement speed and target height for average potential energy (F = 7.8, p < .006), as well as significant main effects of movement The dotted line represents muscular effort, E m (t); the dashed line represents kinetic energy, ΔE k (t); the solid line represents potential energy, ΔE p (t). Muscular effort always increases through the movement and is always positive. Kinetic energy has a typical bell shape. Potential energy increases for reaching movements to the high target and decreases for reaching movements to the middle and low targets. of the trunk (typical pattern for reaches to the high target) raises the whole body COM; however, there was no effect of movement speed on average potential energy for reaches to the high target. Post hoc analysis of the main effect of target height revealed significant differences in PE between each target location (all ps < .05). Finally, there was no effect of reaching hand on average potential energy. As expected, analyses of the change in vertical position of whole body COM were consistent with the speed (F = 13, p < .003) and target height (F = 90.4, p < .000). As illustrated in Figure 5B , this interaction reflects that average potential energy was significantly less for fast-paced reaches to the middle (p < .05) and low targets (p < .05) when compared with comfortably paced reaches. This is because the whole body COM is lowered to a greater extent for fast-paced reaches. Interestingly, reaches to the high target resulted in a net increase in potential energy as indicated by the positive values. Thus, raising the arm with only minimal forward displacement Figure 6 -The effects of movement speed and target height on the changes in whole body COM are plotted. Notice that for reaches to the high target COM was raised (i.e., positive values) but COM was lowered for reaches to the middle and low targets. Furthermore, COM was lowered to a greater extent for fast-paced reaches. findings for potential energy. There was an interaction of movement speed and target height on whole body COM (F = 10.2, p < .002). As shown in Figure 6 , whole body COM was raised for reaches to the high target and there was no effect of movement speed on COM position for these reaches. In contrast, participants lowered their COM for reaches to the middle and low targets with a significant speed effect. Whole body COM was lowered significantly more in fast-paced reaches compared with comfortable reaches (Figure 6 ), indicating a change in joint excursions. The effect of movement speed on joint excursions for a typical participant reaching for the low target at comfortable and fast-paced speeds is illustrated in Figure 7 .
Kinetic Energy
There was a significant interaction of movement speed and target height on average kinetic energy (F = 21.1, p < .00), as well as main effects of movement speed (F = 66.1, p < .00) and target height (F = 35.6, p < .00). Kinetic energy significantly increased for the high, middle, and low targets (all ps < .05), with the highest kinetic energy observed for reaches to the low target at the fast-paced movement speed ( Figure 5C ). There was also an effect of reaching hand on average kinetic energy (F = 8.7, p < .01), with right-hand reaches using less kinetic energy compared with left-hand reaches.
Movement Efficiency
There were significant main effects of movement speed (F = 5.1, p < .04) and target height (F = 12.5, p < .001) on our measure of movement efficiency. Movement efficiency was greater for reaches to the high target compared with the middle and low targets. Further, fast-paced reaches were more efficient for the middle (p < .05) and low targets (p < .05) compared with comfortably paced reaches to those targets.
Apportioning Energy Expenditures
Potential energy, KE, and ME were apportioned into the trunk, and left and right arms and legs ( Figure 8 ). As expected, the energy expenditures for reaches to the middle and low targets are dominated by the trunk segment due to its significant mass. Statistical analyses of the effects of target height, movement speed, and reaching hand on PE, KE, and ME are presented in Table 3 . Whereas the findings for speed and target height are nearly identical to those for the whole body, the analyses of the effect of reaching hand revealed a few interesting findings that were lost when examined at the level of the whole body. Specifically, the interaction of movement speed by hand on PE for the trunk segment revealed that trunk PE was lowered to a greater amount with the left hand compared with the right hand during fast-paced reaches. Examination of the effect of reaching hand on the energy expenditures specific to the right and left arms revealed that KE and ME were greater in the left arm compared with the right while there was a greater change in PE in the left arm.
Discussion
Energetics and movement efficiency for full body reaching was determined for a reaching task that required progressively larger displacements of the trunk. Even though these movement tasks are ubiquitous in our everyday lives (e.g., reaching for a door knob), the efficiency values for these full body reaching tasks are quite low, usually less than 20% when compared with efficiency values reported for tasks such as walking, which has been reported to be approximately 30% for adults (Schepens et al., 2004 ).
Mechanical Energy
There are two kinds of mechanical energy that can be used in human movements, namely, muscular effort (joint power) and potential energy. In the horizontal plane, movements can be made solely by changes in muscular effort or in the vertical plane solely by changes in potential energy (e.g., free-fall movements). However, a combination of muscular effort and potential energy are required for smooth control of movements in space. In fact, most movement tasks involve the expenditure of both muscle and potential energies (Patla et al., 2002) .
When the reaching task involves lowering the COM, humans rely solely on potential energy (uncontrolled movement) or both muscular effort and potential energy during the acceleration phase (controlled movement). If only potential energy were used during the acceleration phase, the acceleration of COM should be equal to the acceleration due to gravity (assuming no muscle dispersion or friction). However, if both muscular effort and potential energy were used during the acceleration phase, then the acceleration of COM would be either less than or greater than the acceleration due to the gravity depending on whether muscular effort is assisting the expenditure of potential energy or resisting it. During the deceleration phase, muscular effort and potential energy are always used to control the COM movement. Because potential energy cannot be converted to muscular effort, muscular effort is always required during the movement task to ensure smooth, controlled movements. When the reaching tasks involved raising the COM, muscular effort is always used against potential energy. Because the curves of muscular effort and potential energy are smooth and continuous, this suggests that in full body reaching tasks, both muscular effort and potential energy are used during the entire acceleration and deceleration phases.
Handedness Effects
Handedness is a prominent behavioral phenomenon due to the asymmetrical neural organization in human motor systems, that is, left-hemisphere dominance for motor planning in right-handers (Geschwind, 1975; Liepmann, 1905; Taylor & Heilman, 1980) . Sainburg suggested that the essential factor that distinguishes dominant from nondominant arm performance is the facility governing the control of limb dynamics because of the evidence that dominant arm movements were produced with a fraction of the mean squared muscle torque computed for nondominant arm movements made at similar speeds (Sainburg, 2002) . While our results for whole body energetics revealed that left-hand movements (i.e., nondominant) used more kinetic energy compared with right hand movements (Table 2 ), apportioning energy to the various limb segments further revealed that left-hand reaches had greater kinetic energy as well as greater muscular effort when compared with right-hand reaches. These findings are consistent with the data by Sainburg, whose participants performed reaches involving only movements of the shoulder and elbow performed in a horizontal plane (Sainburg, 2002) . Therefore, these findings provide additional support for the work of Sainburg and suggest that movements with the nondominant hand require greater Figure 8 -Illustrates the effect of target height, movement speed, and hand on the changes in PE, KE, and ME apportioned into the trunk and limb segments. torques for control of these movements. Interestingly, these findings did not generalize with respect to muscular effort of the trunk. Whereas there were main effects of reaching hand on PE and KE of the trunk, there was no effect on ME. Reaching with no loads in the hands may provide a perturbation too small to cause any significant effect of reaching hand on muscular effort of the trunk.
COM Effects
Changes in height of the body COM is synonymous with changes in potential energy in these full body reaching movements. For reaches to the high target, muscular effort is first transformed into increased potential energy and kinetic energy when the height of the body COM is raised. In contrast, for reaches to the middle and low targets, the body COM is lowered and potential energy is partially transformed into kinetic energy and part of this energy is completely lost to heat, which cannot be converted back into muscular effort. The inability of the muscle to convert potential or any other form of energy into muscular effort lowers the coefficient of efficiency significantly, and even makes it equal or close to zero-0% for most movement tasks such (e.g., walking, running, exercising). The efficiency for human walking is estimated to be less than 1% and less than 0.1% for running (Pappas, 2003) . While this value is different from Schepens et al. (2007) , the method of calculating efficiency is vastly different. Nonetheless, compared with walking and running, energy efficiency for whole body reaching can be up to 16% and 4.5% for high target reaching and low target reaching respectively. In fact, Iwashita et al. (2003) suggest that increased maximum ground reaction force can improve walking efficiency by increasing energy utilization in the anterior-posterior/mediolateral directions while decreasing energy loss in the vertical direction.
Speed Effects
Movement speed had a significant effect on the energetics of full body reaching movements. It affects not only kinetic energy and muscular effort, but also potential energy because participants significantly change segment excursions when performing full body reaching tasks at different speeds (Thomas et al., 2003; Thomas & France, 2008; Thomas & Gibson, 2007) . Peak kinetic energy increases as a quadratic function of the speed, whereas the changes in muscular effort and potential energy do not scale to the same extent. In the current study, fast movements resulted in a greater conversion of potential energy into kinetic energy in the acceleration phase of the movement and participants used fewer muscle forces against the gravitational force. Thus, movement efficiency actually increased for reaches made at the fast-paced movement speed ( Figure 5D ), particularly for reaches to the middle and low target locations. Our results for reaching are similar to those found in walking, in that when the speed of a body link doubles, its kinetic energy quadruples, but the potential energy of the link in a cycle has much smaller fluctuations. Although we do not do not lift the legs much higher when we increase walking speed, the opportunity for energy conservation due to the transformation of kinetic energy into potential energy and vice versa is, in part, dependent on the speed of ambulation (Zatsiorsky, 2002 ) and thus energy efficiency increases. However, if given a choice, individuals tend to select a comfortable pace for performing either walking or reaching tasks. This suggests that the CNS may not use efficiency as a primary control strategy. For example, given that the fast-paced movement strategy was more efficient, why did participants choose to use a different movement strategy for the comfortably paced trials? If energy conservation is a primary factor in planning joint excursions in a kinematically redundant system, then the Using movement tasks that are common to daily tasks of human behavior, we have shown that movements are not planned using energy efficiency as a primary constraint. Nonetheless, these findings provide a unique analysis of reaching movements from the perspective of energy utilization. Even though movement efficiency may not be a unique constraint for the reaching movements, it may be a contributing piece with other factors or constraints, such as a joint comfort cost (Rosenbaum et al., 1995) . Some studies have reported that minimization of energy consumption might be a basic constraint in trajectory planning for many movement tasks (Alexander, 1997; Nishii, 2000; Nishikawa et al., 1999) , but others have reported constraints, such as minimal jerk or torque change, to be most important (Flash & Hogan, 1985; Uno et al., 1989) .
From our findings we conclude that (1) efficiency in whole body reaching is dependent on whether the height of the body center of mass is raised or lowered during the task because muscular effort can be partially converted to potential energy but potential energy cannot be converted back to muscular effort; (2) efficiency is increased as movement speed is increased, in part because of greater changes in potential energy; and (3) the CNS does not appear to use movement efficiency as a primary planning variable in full body reaching. It may be dependent on a combination of other factors or constraints.
